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Basics of NEA Deflection NASA

AThe impact of a near-Earth asteroid (NEA) is a natural
hazard that can be prevented or mitigated given sufficient
warning time and capable systems and technologies.

AChange the i mparlittso inigterdeEtAtbes
E ar taratearlier or later than normal.
I Make sure that the object 1 s not

I Apply a change in velocity (DV) in the proper direction (typically along
or againstthei mp a c directioa af motion).

NEO velocity
modified to allow
Earth to pass before
NEO arrives

Undeflected NEO

Impacts Earth NEO velocity modified

to allow NEO to pass
before Earth arrives

Title Slide Image Credits: NASA/JPL-Caltech/UMD & NASA/AMA, Inc. Image Credit: NASA



Early Response Requires Leg%ﬂ

AEarly detection and precise orbit determination are
the keys to reducing the amount of DV required to
alterthel mp a c tobit.0 s

Orbit prediction uncertainty .- /o) Asteroid detected

\\
Predicted orbit

Risk of impact AV IS applied
about 1 in 100 prior to iImpact

£y Reduce total risk of impact
to about 1 in 1,000,000

Image Credit: NASA



NEAs and NEOsi What 6s t he Di ff er éic

ANear-Earth objects (NEOSs) include asteroids and comets that
have been gravitationally nudged to come near the Earth and
possibly collide with it.

AThe threat can be divided into four categories

1. Well-defined Orbits
+ Detected and tracked near-Earth asteroids (NEAS)
+ Warning time = Decades

2. Uncertain Orbits
+ Newly discovered NEAs and Short-Period Comets (SPCs)
+ Warning time =

3. Immediate Threats _ ,
A SPCs have orbital periods

+ Long-Period Comets (LPCs) and Small NEAs <200 years and originate
- Warning time = Months from the Edgeworthi Kuiper
belt
4. No Warning

A LPCs have orbital periods
+ Unknown NEAs, SPCs and LPCs >200 years and originate

1 i from the Oort cloud
+ Warning time =
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Early Response RequiresL es s @V NASA

Estimated Minimum g Required to Deflect Example
Impactors by 1 Earth Radius (Pre-Perihelion Impact)

- Aten-type Asteroid : a=0.9AU, e=0.4, i=0deg

== Apollo-type Asteroid : a=1.5AU, e=0.5, i=0deg

== Short period Comet : a=4.0AU, e=0.85, i=0deg
Long period Comet: a=40.0AU, €=0.985, i=0deg

Minimum gV (cm/sec)

Source: NASA 2001-2002
Comet/Asteroid Protection
System (CAPS) Study

Time before Impact when qV is Applied (years)



Example NEA

Reduce risk to 1:1,000,000

Reduce risk to 1:1,000

Deflect to miss by 1 Earth radius
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Days to Impact

Source: NASA 2006 Near-Earth Object Survey and Deflection Study




Impact Uncertainty & Deflection Considerations '

AEven when an impact with the Earth is confirmed, the exact
Impact point is uncertain.

Image Credit: NASA/JPL

umnidian

Googleearth

ARed line represents the line of potential impact sites.

AThis"riskcorri dorfi is altered during
moves across the Earthés surface
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NEA Characterization

ANEAs have a wide range of orbits and physical
characteristics.

i Threat characterization i precise orbit determination and | .- 8
risk analysis using available data to predict the %
probability of Earth impact. Provides prediction of
impact date/time, along with impact velocity and
estimated energy release.
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I Object characterization i other information needed for
deflection/disruption/mitigation i size, mass, gravity field,
composition, structure, spin state/rate, regolith/dust,
surface charging, and possible companions, etc.

I NEAs range from objects that are carbonaceous to stony
to mostly metallic, with vastly different porosity and
structural integrity.

ACharacterizing both is critical to successfully
deflecting an impacting object.

AEarth-based radar is essential and robotic
precursors are extremely valuable. ovese]

Image Credit: SpaceWorks Engineering, Inc.




Primary Deflection vs. Keyhole Deflection NASA

e

AA primary deflection is the application of DV to the NEA to
alter 1 tos orbit sufficiently
Impact with the Earth.

AA keyhole deflection takes advantage of the knowledge
that the NEA will pass through a small region of near-Earth

space which will result in a collision with the Earth on a
subsequent encounter.

I Aresonant return is created by the gravitational interaction of the
object during a preceding Earth encounter.

I Avoiding a keyhole requires much less DV than does a primary
deflection.

I Applies to a small percentage of impactors (likely less than 10%).



Deflect to miss by 2 Earth radii
\

—

Design Point 1

Deflect to miss by 1 Earth radius
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Deflect to miss by 0.1 Earth radii

Design Point 2
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Deflect to miss by 5 km
Reduce risk to ~1e-6

2000 4000 6000
Days to Keyhole

A Example for Apophis (2004 MN4) deflection effort before possible 2029 keyhole encounter.
1 Design Point 11 action 10 years prior to keyhole and unrefined orbit knowledge.
1 Design Point 21 action 6 years prior to keyhole and refined orbit knowledge from additional observations.

Source: NASA 2006 Near-Earth Object Survey and Deflection Study




Rapi d #l mpeahniguesferdNEA Deflection NASA

AApplication produces immediate result

AEffectiveness is dependent on the NEA properties
(highly uncertain and variable)

AlLarge, concentrated forces have the potential for NEA
fragmentation/disruption

AExamples:
I Kinetic Impactor
I Conventional Explosives (surface or sub-surface)

I Nuclear Detonation (stand-off, surface, sub-surface) with potential
delivery system using an very-high-velocity impactor



Sl oWuBh/Pull o Techniques f oaa

ALong duration (months to many years depending on NEA size)
and small forces applied

AEfficient use of resources (propellant, power, in situ materials)

AFour basic categories:
I Enhance natural effects
I Apply contact force
I Apply gravitational force
I Ablation/expulsion of surface material

AExamples:

I Albedo/Thermal Response Madification (Yarkovsky effect) - likely centuries
required for a 200 m NEA

i Direct Push (fASpace Tugo)

I Mass Driver

I Gravity Tractor (GT) and Enhanced Gravity Tractor (EGT)

I lon Beam Deflection (IBD)

|

. Surface Ablation (laser and solar)



Planetary Defense Strategies NASA

2010 National Research Council Committee
VAR OBHTSIN SRR SRAEGES ~ : : T
i De f e nRlanet Barth: Near-Earth Object Surveys and Hazard Mitigation

Strategieso

I Finding: No single approach to mitigation is appropriate and adequate for
completely preventing the effects of the full range of potential impactors,
although civil defense is an appropriate component of mitigation in all cases.
With adequate warning, a suite of four types of mitigation is adequate to
mitigate the threat from nearly all NEOs except the most energetic ones.

TABLE 5.1 Summary of Primary Strategies for Mitigating the Effects of Potential Impacting Near-Earth Objects
Strategy Range of Primary Applicability
Civil defense Smallest and largest threats.

(e.g., warning, shelter, and evacuation) Threat of any size with very short warning time.

A fraction (<10%) of medium-size threats.
Usually requires decades of warning time.

Kinetic impact Most medium-size threats.
(e.g., interception by a massive spacecraft) Requires years to decades of warning time.

Nuclear detonation Large threats and short-warning medium-size threats.

(e.g., close-proximity nuclear explosion) Requires yvears to decades of warning limc.‘




Kinetic Impactor NASA

AVery-high-velocity (typically >5 km/s) collision
with the NEA using the spacecraft or a
deployed impactor.

ARelatively simple technique within current
capabilities with reasonable hardware and
control development. Likely the method of
choice for <500 m impactors provided that
sufficient warning time is available.

AEffectivenessdepends on the NEADG Sage creds: sl lieGrdo U T €
(solid or rubble pile) which dictates the
momentum exchange efficiency (b), which is a
major uncertainty.

ATerminal targeting becomes more difficult as
relative velocity increases.

ADemonstrated on asmall scale by NASAds Deep
Impact Mission on Comet Tempel 1 in 2005
(370 kg impactor at 10.2 km/s).
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